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[bookmark: _Toc132995658]1.1 Composition
Composition is a design pattern in object-oriented programming that involves creating complex objects or data structures by combining simpler objects or data structures. It is a relationship between classes where one class contains one or more instances of another class as member variables. This relationship allows a class to reuse the functionality of another class by creating an instance of that class as a member variable. This results in a "has-a" relationship between the two classes, where the containing class "has-a" member of the contained class.
Composition is commonly used to create more complex objects from simpler objects, or to add functionality to a class without inheritance. It is also useful for creating modular and reusable code, as changes to the contained class do not affect the containing class or any other classes that use the contained class.

[image: ]
Figure 1. part of the visitor.h
In my project, the Visitor class is an example of composition. This is because the Visitor class contains a member variable of type Person, which is an instance of the Person class. The Visitor class "has-a" Person object, and can access and use its methods and properties. In this case, the Visitor class can benefit from the methods and properties of the Person class by containing an instance of it. This allows the Visitor class to store information about a person, such as their name, age, and address, as well as other information specific to the visitor, such as their ID, location, purpose, and license plate.

[bookmark: _Toc132995659]1.2 Abstract classes
In object-oriented programming, an abstract class is a class that cannot be instantiated and is designed to serve as a base or parent class for other classes. The main purpose of an abstract class is to provide a common interface or set of methods that must be implemented by its subclasses.
An abstract class typically contains one or more abstract methods, which are declared using the "pure virtual" keyword and have no implementation. Subclasses of the abstract class must provide an implementation for all of the abstract methods in the base class, or they too will be considered abstract and cannot be instantiated.

[image: ]
Figure 2. ParkingWorker.h
the ParkingWorker class is an abstract class. This is because it has one or more pure virtual functions, which are declared using the = 0 syntax in the function declarations. Specifically, the setName(), getName(), setAge(), getAge(), setJobTitle(), getJobTitle(), display(), and work() functions are all pure virtual functions, which means they have no implementation in the ParkingWorker class and must be overridden by any concrete subclass that inherits from ParkingWorker.
Since ParkingWorker has pure virtual functions, it cannot be instantiated directly. Instead, it serves as a base or parent class for other classes like ParkingManager and ParkingCaptain, which must provide an implementation for all of the pure virtual functions in ParkingWorker. This ensures that any concrete subclass of ParkingWorker has a consistent interface and behavior, which promotes polymorphism and code reuse.

[bookmark: _Toc132995660]1.3 Aggregation
Aggregation is a type of association relationship in object-oriented programming where one class (known as the container class or aggregate) holds one or more instances of another class (known as the contained class or aggregatee). The contained objects are not an essential part of the container object and can exist independently outside of it. They can also be shared among multiple container objects. The container object is responsible for managing the lifetime of the contained objects and providing access to them through its interface. In other words, the container object has a "has-a" relationship with the contained object.
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Figure3. ParkingCaptainTeam.h
ParkingCaptainTeam is an example of aggregation since it contains a collection of pointers to ParkingCaptain objects. The ParkingCaptain objects exist independently of the ParkingCaptainTeam object and can be shared among multiple ParkingCaptainTeam objects or used elsewhere in the program. The ParkingCaptainTeam object is responsible for managing the lifetime of the ParkingCaptain objects it contains, and provides an interface for accessing and manipulating them.

[bookmark: _Toc132995661]1.4 Inheritance
Inheritance is a key concept in object-oriented programming that allows a class to reuse the properties and methods of an existing class, called the base class or superclass. The new class that inherits from the base class is called the derived class or subclass.
By inheriting from a base class, a derived class can automatically acquire all of the properties and methods of the base class, without having to define them again. This can save a lot of time and effort, and also helps to promote code reuse and maintainability.
Inheritance also allows the derived class to modify or extend the behavior of the base class by adding new properties or methods, or by overriding the existing ones. This enables the creation of more specialized classes that build upon the functionality of the base class, while still retaining its core features.

In my code, we have a base class called Carpark, which represents a car park and provides some basic functionality and data members, such as the car park capacity and the number of free spaces.
There are several other classes that are derived from the Carpark class, including Barrier, IDReader, Fullsign, and Sensor. Each of these derived classes adds some specific functionality or behavior to the car park. For example, the Barrier class represents the physical barrier that controls the entry and exit of vehicles, and provides methods to raise or lower it. The IDReader class represents a device that can read the identification information of a vehicle, and provides a method to read this information from the user. The Sensor class represents a sensor that can detect the presence of a vehicle, and provides methods to update its status based on whether a car is present or not. The Fullsign class represents a sign that indicates whether the car park is full or not, and provides methods to turn it on or off.
Additionally, there is a class called BarcodeReader that is derived from the IDReader class. This class represents a special type of ID reader that can read barcode information from a vehicle.

[bookmark: _Toc132995662]1.5 polymorphism
Polymorphism is a concept in object-oriented programming that allows objects of different classes to be treated as if they were of the same class. It enables code to be written in a more modular and extensible way, as it provides flexibility in how objects are used and manipulated. Polymorphism can also be achieved through inheritance, where derived classes inherit properties and methods from their base class and can be used in place of objects of the base class.
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Figure 4. BarcodeReader.h
In my code, the BarcodeReader class exhibits polymorphism by inheriting from the IDReader class and overriding its read() function. The override keyword tells the compiler to check if read() is actually a virtual function in the base class IDReader, and if so, to ensure that the signature of the function in the derived class is the same as the base class. When an object of type BarcodeReader is created, it will have its own implementation of the read() function that is different from the implementation in the IDReader class.

[bookmark: _Toc132995663]1.6 virtual methods

Here’s two examples of virtual functions existing in my code:

the update function is an example of virtual function. In the code provided, the update function is declared as a virtual function in the Carpark class, which is the base class for several derived classes, including Barrier, Fullsign, Sensor, IDReader, and BarcodeReader. Each derived class that overrides the update function has its own implementation of the function, which is called at runtime based on the actual type of the object being referred to. 
the fact that the IDReader and BarcodeReader classes both inherit from Carpark and have their own implementations of the read method also demonstrates virtual function. The read method can be called on an object of either class in a different way, and the appropriate implementation will be called at runtime based on the actual type of the object.

[bookmark: _Toc132995664]1.7 Storage Structures : vector
In NumberPlateLists file, plates_ is a private member variable of the NumberPlateList class, which is a vector of strings. This vector is used to store the license plate numbers of the cars parked in the car park. The addPlate(), removePlate(), hasPlate() and getPlates() functions are used to manipulate and access the vector.
[image: ]
Figure 5. NumberPlateLists.h
vector is a powerful tool for managing collections of objects in C++. It provides several common functions, including push_back() for adding elements to the end of the vector, pop_back() for removing the last element, size() for getting the number of elements, clear() for removing all elements, begin() for getting an iterator to the beginning of the vector, and end() for getting an iterator to the end of the vector. With these functions, std::vector allows for efficient and flexible management of collections of objects in C++.





[bookmark: _Toc132995665]2. guide to test the carpark system
[bookmark: _Toc132995666]2.1 Carpark
The capacity of the parking lot can be set arbitrarily, so we have set it to 5 to simplify the test.
[image: ]
[bookmark: _Toc132995667]2.2 Visitors
At the parking lot, there are numerous repeat customers whose data is stored in the Visitor class. To welcome and notify the staff of their arrival, the information of these customers should be printed upon startup.
[image: ]

[bookmark: _Toc132995668]2.3 Parking captain and manager
The parking lot employs several parking captains and a parking manager. The former is in charge of overseeing the day-to-day operations of vehicle entry and promptly addressing any unforeseen circumstances that may arise. The latter is responsible for managing the captain's work schedule to ensure it is reasonable and efficient.
[image: ]

[bookmark: _Toc132995669]2.4 Captain team
The captain team is established to facilitate the parking manager's management of the parking captain team. It enables the printing of information for all parking captains.
[image: ]

[bookmark: _Toc132995670]2.5 simulating the daily operation of the parking lot
1. Captain information print
[image: ]

2. Visitor information print
[image: ]

3. To determine whether a vehicle is entering or leaving the parking lot
[image: ]

4. Enter into Carpark.update
[image: ]

5. A car is entering (free spaces left), Enter the plate number and barcode number. Then, raise the barrier to let the car in. print the number of remaining parking spaces.

[image: ]
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6. A car is entering with no free spaces left, the fullsign switch is supposed to be 1.
[image: ]
7. exit the parking lot with the correct serialnumber
[image: ]
8. exit the parking lot with the wrong serialnumber, the system will print “CANNOT FIND THE PLATE”.
[image: ]


[bookmark: _Toc132995671]3. each class’ attributes and methods
[bookmark: _Toc132995672]3.1 BarcodeReader
· Attributes:
· BarSerialNumber: a private string attribute that represents the serial number of the barcode reader.
· Methods:
· read(): an implementation of the read() method from the IDReader class, which reads ID information from a barcode.
· BarcodeReader(int capacity): a constructor that creates a BarcodeReader object with a given capacity by calling the IDReader constructor.

[bookmark: _Toc132995673]3.2 IDReader class:
· Attributes:
· serialNumber: a private string attribute that represents the serial number of the ID reader.
· Methods:
· IDReader(int capacity): a constructor that creates an IDReader object with a given capacity.
· read(): a virtual method that reads ID information from the reader. It is not implemented in this class and must be overridden in a subclass.
· getRead(): a method that returns the ID information read by the read() method.
· update(bool): a virtual method that updates the state of the car park based on whether the ID information is valid or not. It is not implemented in this class and must be overridden in a subclass.

[bookmark: _Toc132995674]3.3 Barrier class
Attributes:
· up: a protected boolean attribute that indicates whether the barrier is up or not.
Methods:
· Barrier(bool status,int capacity): a constructor that creates a Barrier object with a given capacity and initial status of the barrier.
· raise(): a method that raises the barrier.
· lower(): a method that lowers the barrier.
· update(bool): a virtual method that updates the state of the car park based on whether the ID information is valid or not.

[bookmark: _Toc132995675]3.4 Fullsign class
Attributes:
· lighton: a public boolean attribute that indicates whether the full sign light is on or not.
Methods:
· Fullsign(int capacity): a constructor that creates a Fullsign object with a given capacity.
· switchOn(): a method that turns on the full sign light.
· switchOff(): a method that turns off the full sign light.
· update(bool): a virtual method that updates the state of the fullsign
[bookmark: _Toc132995676]3.5 idreader class
Attributes:
· serialNumber: a private string attribute that represents the serial number of the ID reader.
Methods:
· IDReader(int capacity): a constructor that creates an IDReader object with a given capacity.
· read(): a virtual method that reads ID information from the reader. It is not implemented in this class and must be overridden in a subclass.
· getRead(): a method that returns the ID information read by the read() method.
· update(bool): a virtual method that updates the state of the idreader

[bookmark: _Toc132995677]3.6 NumberPlateList class
Attributes:
· plates_: a private vector of strings that holds the number plates in the list.
Methods:
· addPlate(const std::string& plate): a method that adds a number plate to the list.
· removePlate(const std::string& plate): a method that removes a number plate from the list.
· hasPlate(const std::string& plate) const: a method that checks whether a number plate is in the list and returns a boolean value indicating the result.
· getPlates() const: a method that returns a copy of the vector of number plates.

[bookmark: _Toc132995678]3.7 sensor class
Attributes:
· carPresentStatus: a public boolean attribute that indicates whether a car is currently present or not.
Methods:
· carPresent(): a method that returns a boolean value indicating whether a car is currently present or not.
· carEnter(): a method that sets the carPresentStatus attribute to true to indicate that a car has entered.
· carLeaving(): a method that sets the carPresentStatus attribute to false to indicate that a car has left.
· Sensor(bool carPresentStatus,int capacity): a constructor that creates a Sensor object with a given capacity and initial state of whether a car is present or not.
· update(bool): a virtual method that updates the state of the sensor
[bookmark: _Toc132995679]3.8 carpark class
Attributes:
· capacity: a private integer attribute that represents the total capacity of the car park.
· free_spaces: a private integer attribute that represents the number of free spaces left in the car park.
· plateManager: a public NumberPlateList attribute that manages the list of number plates in the car park.
Methods:
· Carpark(int capacity): a constructor that creates a Carpark object with a given capacity and initializes the number of free spaces to the total capacity.
· incrementSpaces(): a method that increments the number of free spaces in the car park by 1.
· decrementSpaces(): a method that decrements the number of free spaces in the car park by 1.
· spacesLeft(): a method that returns the number of free spaces left in the car park.
· update(bool): a virtual method that updates the state of the whole system. It ensures the normal operation of the system
[bookmark: _Toc132995680]3.9 parking manager / captain class
Attributes:
· Inherits the protected attributes name and age and jobTitle from the base class ParkingWorker.
Methods:
· ParkingManager(std::string n, int a): a constructor that creates a ParkingManager object with a given name and age.
· setName(std::string n) override: a method that sets the name of the parking manager.
· getName() const override: a method that returns the name of the parking manager.
· setAge(int a) override: a method that sets the age of the parking manager.
· getAge() const override: a method that returns the age of the parking manager.
· setJobTitle(std::string j) override: a method that sets the job title of the parking manager.
· getJobTitle() const override: a method that returns the job title of the parking manager.
· display() const override: a method that displays information about the parking manager.
· work() const override: a method that simulates the work of the parking manager.

[bookmark: _Toc132995681]3.10 parkingCaptainteam class
Attributes:
· captains: a private vector of ParkingCaptain pointers that holds the captains in the team.
Methods:
· addCaptain(ParkingCaptain* captain): a method that adds a ParkingCaptain pointer to the captains vector.
· removeCaptain(ParkingCaptain* captain): a method that removes a ParkingCaptain pointer from the captains vector.
· displayCaptains() const: a method that displays information about the captains in the captains vector.


[bookmark: _Toc132995682]3.11 relationship of the classes
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[bookmark: _Toc132995683]4. the difference between static memory allocation and dynamic memory allocation
Static memory allocation allocates a fixed amount of memory during compilation time. The amount of memory allocated for a data structure is determined at compile-time and remains constant throughout the program's execution. Arrays and structures are examples of data structures that use static memory allocation. The memory for such data structures is typically allocated on the stack or in the data segment of the program.
On the other hand, dynamic memory allocation allocates memory at runtime when the program is running. The size of memory allocated for a data structure can be determined at runtime, and the memory is allocated on the heap. Dynamic memory allocation is typically used when the size of a data structure is not known at compile-time or when the size of the data structure can change during the program's execution. Linked lists and trees are examples of data structures that use dynamic memory allocation.
The key difference between static and dynamic memory allocation is that with static memory allocation, memory is allocated and deallocated automatically by the compiler, whereas with dynamic memory allocation, the programmer is responsible for allocating and deallocating memory explicitly. Static memory allocation is automatic and requires no effort from the programmer, while dynamic memory allocation is manual and requires the programmer to manage memory allocation and deallocation.
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https://www.youtube.com/watch?v=1lnyngeXYZk
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;}ifndef PARKT NGCAP'I:AI NTEAM_H
#define PARKINGCAPTAINTEAM_H

#include <vector>
#include "ParkingCaptain.h"

class ParkingCaptainTeam {
private:
std: :vector<ParkingCaptain*> captains;

public:
void addCaptain(ParkingCaptain* captain);
void removeCaptain(ParkingCaptain* captain);
void displayCaptains() const;

#endif // PARKINGCAPTAINTEAM_H
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#include “"idReader.h"
#include <iostream>
#include <string>

class BarcodeReader : public IDReader {

private:
std::string BarSerialNumber;

public:
BarcodeReader(int capacity) : IDReader(capacity) {}

void read() override;
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#ifndef NUMBER_PLATE_LIST_H
#define NUMBER_PLATE_LIST_H

#include <string>
#include <vector>

class NumberPlatelList {
public:
void addPlate(const std::string& plate);
void removePlate(const std::string& plate);
bool hasPlate(const std::string& plate) const;
std::vector<std::string> getPlates() const;
private:
std::vector<std::string> plates_;

#endif // NUMBER_PLATE_LIST_H
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Carpark carpark(5);
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Visitor visitor;

visitor.setAllInfo(1l, "ABC Company", "Meeting with Mr. Smith", "1234", {"John Doe", 3@, "123 Main St."});
Visitor::visitors.push_back(visitor);

visitor.setAllInfo(2, "XYZ Corporation”, "Delivery of goods", "5678", {"Alice Smith", 25, "456 Oak St."});
Visitor::visitors.push_back(visitor);
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ParkingCaptain captainl("James Bond",77);
ParkingCaptain captain2("Steve",60);
ParkingManager managerl("M",70);
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ParkingCaptainTeam team;
team.addCaptain(&captainl);
team.addCaptain(&captain2);

std::cout << "Captains in the team:" << std::endl;
team.displayCaptains();
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PS C:\CPP\CPP424> .\main.exe
Captains in the team:

Name: James Bond, Age: 77
Name:
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Visitor information:

m: 1

Location: ABC Company
Purpose: Meeting with Mr. Smith
License plate: 1234
Person information:

Name: John Doe

Age: 30

Address: 123 Main St.
Visitor information:

m: 2

Location: XYz Corporation
Purpose: Delivery of goods
License plate: 5678
Person information:

Name: Alice Smith
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for (int i = @; 1 < 12; i++) {

string inOrOut;

bool inOrOutResult;

cout << "Car in or out" <<endl;
cin >> inOrout ;

if(inOrout == "in"|inOrOut =="IN"|inOrOut=
inOrOutResult = true;

¥

else if(inOrOut == "out"|inOrOut == "OUT"|inOrOut == "o"){
inOrOutResult = false;

¥

std::cout << " FEEEE U <¢ std::endl;

std::cout < " FEEEEEEEE X U <o std::iendl;
std::cout << "* &~ *" << std::endl;
std::cout << "* *" << std::endl;
std::cout << " * * " << std::endl;
std::cout << " FEEEE U <¢ std::endl;
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carpark.update(inOrOutResult);
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std::cout << “"enter the park" << std::endl;
decrementSpaces();

reader.read();

bar.read();
plateManager.addPlate(reader.getRead());

//print plates
std::vector<std::string> plates = plateManager.getPlates();
//std: :cout<<plates.size()<<std::endl;
std::cout << “"Current parked cars: ";
for (const auto& plate : plates) {
std::cout << plate << " ";

}

std::cout << std::endl;

] EEREEREE R AR

barrier.raise();
barrier.update(sensor.carPresentStatus);
std::cout << this->free_spaces << " spaces left" << std::endl;
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#include “"Person.h"

class Visitor {

public:

int id;

std::string location;

std::string purpose;

std::string licensePlate; // Add license plate information

Person person;

static std::vector<Visitor> visitors; // Store information of all created visitor objects
static Visitor* findvisitor(int id); // Find visitor object by visitor ID

void setId(int newId);

void setlocation(std::string newLocation);

void setPurpose(std::string newPurpose);

void setLicensePlate(std::string newLicensePlate); // Add member function to set license plate information

void setPerson(const Person& newPerson);

void printInfo() const;

void setAllInfo(int newId, std::string newLocation, std::string newPurpose, std::string newlLicensePlate, const Person&

#endif
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;ifndef PARKINGWORKER_H
#define PARKINGWORKER_H
#include <string>

class ParkingWorker {
protected:
std::string name;
int age;
std::string jobTitle;

public:

virtual void setName(std::string n) = @;
virtual std::string getName() const = @;
virtual void setAge(int a) = ©;

virtual int getAge() const = @;

virtual void setJobTitle(std::string j)
virtual std::string getJobTitle() const
virtual void display() const = @;
virtual void work() const = @;

#endif




